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[57] ABSTRACT 
An image forming apparatus for forming superimposed 
images includes a plurality of image forming devices 
each for forming a different image and a registration 
mark, corresponding to the position of the associated 
image, on an image transferring medium. The registra 
tion mark is formed on a transparent part of the medium 
and is illuminated from below. A detector above the 
medium detects the position of the shadow of the regis 
tration mark for each image and the result of detection 
is used to adjust the position of at least one image form 
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APPARATUS FOR FORMING SUPERINIPOSED 
IMAGES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an image forming 

apparatus for forming images on a transfer material, and 
speci?cally relates to an image forming apparatus for 
forming superimposed images. 

2. Related Background Art 
Image forming apparatus have previously been pro 

posed that form a color image using a plurality of image 
receiving media. For example such a proposal is de 
scribed in Japanese Laid Open Patents Nos. 58-23074, 
58-95361, 58-95362, 58-154856, 58-207021, 59-31976, 
59-46659, 59-50460, and 59-42879. 
This type image forming apparatus however, is char 

acterized by a problem resulting in misregistration be 
tween the different color images. Thus proposals have 
also been made for preventing such misregistration by 
using a mechanical structure, for example as described 
in Japanese Laid Open Patent Nos. 59-155870, 
59-155869, 59-155871, 59-204069, 59-155870, 59-168467, 
and 59-182139. 
These described proposals are effective in preventing 

undesirable misregistration in certain applications. On 
the other hand, acceptable tolerances of misregistration 
between different color images in other applications 
range from only about 0.10 mm through about 0.15 mm. 
Apparatus incorporating these proposals is not accurate 
enough to satisfy such requirement, and therefore some 
problems remain. For eggample, instability of a trans 
porting belt, lack of uniformity between the state after 
energizing a photosensitive drum and the state before 
deenergizing it, and instability of vertical and horizontal 
synchronizing- signals are newly understood to affect 
the misregistfations of different color images even after 
other technical problems are solved. 

Relative positions of optical systems, photosensitive 
drums and so on, adjusted when initially installed, may 
vary if the apparatus is moved from one place to an 
other. Especially, movement of the apparatus to a non 
flat support platform causes difficulty. The non-?at 
surface causes distortion in the apparatus. Therefore, 
after movement of the apparatus, very complicated and 
difficult readjustment is required to prevent the misreg 
istration of different images. Moreover, in such highly 
precise image forming apparatus, which do not com 
pare with conventional image forming apparatus, varia 
tion in temperature also affects the misregistration be 
cause of the thermal expansion and contraction of vari 
ous components of the apparatus. . 

In order to avoid the above mentioned problem, re 
gistration marks should be placed on a moving material 
which moves to record an image, so that the apparatus 
can be adjusted to not produce misregistrated images by 
using detecting output of these registration marks. 
A mono-color imaging device or tri-color imaging 

device is ordinarily provided with means for detecting 
these registration marks. When an image transferring 
belt is used as the image transporting material, the trans 
ferring belt is often made of polyimide ?lm, urethane 
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such materials (Y oung’s modulus, volume electric re 
gistance ratio, and the like) are suitable for a transfer 
ring medium. 

2 
However, these substances are usually orange col 

ored. Therefore, it is difficult to detect yellow or ma 
genta registration marks, because the color difference 
between the transferring belt and the registration marks 
is small. 

In such case, the registration marks are placed on an 
intermediate transferring material which holds an image 
transferred from a photosensitive drum. The intermedi 
ate transferring material is ordinarily made of silicon 
rubber, which has desirable plasticity. However, sili 
cone rubber is colored pink or orange. Therefore, it is 
also difficult for a detecting device to detect yellow or 
magenta registration marks. 

In the printing industry, the registration marks are 
printed on a printing paper as well as appear in the 
image to be printed. In such case, a printing paper larger 
than image size is used, and the registration marks are 
printed on the edge of the printing paper. After the 
printing is completed, the area printed with the registra 
tion marks is cut off to provide a standard image size. 
However, since the printing paper is larger than that 
needed for the printed image size, such procedure is 
very wasteful. Printing paper of non-standard size is 
also dif?cult to obtain and handle. Further, a cutter 
device and cutting step for removing the region of the 
printing paper at which the registration marks are 
printed, are necessary, and processor control of such a 
device to control such step must be provided. There 
fore, the structure of a image recording apparatus incor 
porating these devices is complicated. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to overcome 
the above-mentioned shortcomings of the conventional 
image forming apparatus for producing superimposed 
images. 

In accordance with a preferred embodiment of the 
present invention, an image forming apparatus for form 
ing superimposed images is provided which enables a 
detector to accurately detect a registration mark. 

In one aspect of this preferred embodiment, the pres 
ent invention comprises an image holder for holding an 
image, a moving material for assisting in transfer of an 
image from the image holder, the moving material in 
cluding a transparent region at which a registration 
mark is to be recorded; a detector for detecting the 
registration mark on the transparent region; and an 
adjusting system for adjusting the position of the image 
according to a detecting signal from said detector. 
According to the above-mentioned feature, the image 

forming apparatus for producing superimposed images 
enables the detector to detect easily the registration 
mark using re?ected light or transmitted light, and the 
correcting system can correct the position of the image 
using this detection output. 

In accordance with another aspect, the present inven 
tion provides an image forming apparatus for forming 
superimposed images that produce coincident registra 
tion between images without cutting off a printing re 
gion at which the registration mark appears. 

In this aspect, the present invention comprises a re 
moving device for removing the registration mark from 
a printing region for the registration mark. 
The foregoing summary of certain more important 

features of the invention is provided in order that the 
detailed description of the preferred embodiments 
thereof that follows may be better understood, and in 
order that the present contribution to the art may be 
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better appreciated. There are, of course, additional fea 
tures of the invention that will be described in that 
detailed description with reference to the accompany 
ing drawing. Those skilled in the art will appreciate that 
the conception upon which this disclosure is based may 
readily be utilized as a basis for designing other struc 
tures or methods for carrying out the purposes of the 
invention. It will be understood what the claims are to 
be regarded as including such other constructions and 
methods as do not depart from the spirit and scope of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic view of a color printer using a 
plurality of photosensitive drums. 
FIG. 2 is a circuit for generating a horizontal syn 

chronizing signal and a vertical synchronizing signal for 
each color to be printed. 
FIG. 3 is a schematic view of one recording station 

for explaining a method of adjusting an optical box. 
FIG. 4, FIG. 5, FIG. 6 and FIG. 7 are top views 

illustrating a pair of imaging points of a pair of imaging 
devices. 
FIG. 8 is a block diagram of a circuit for adjusting or 

correcting registration between superimposed images. 
FIG. 9 is a diagram showing a relationship between 

the registration marks and outputs of the imaging de 
vices. 

FIG. 10 is a timing chart representing a plurality of 
signals produced in the circuit shown in FIG. 8. 
FIG. 11 through FIG. 17 are schematic views, similar 

to FIG. 1, of color printers respectively illustrating 
other embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shows a color printer in accordance with the 
?rst embodiment of the present invention. 

This color printer has three photosensitive drums 1Y, 
1M, 1C, each of which produces a yellow, a magenta 
and a cyan image respectively. A motor 3 drives worm 
wheels 2Y, 2M, 2C via worm gears 4Y, 4M, 4C to rotate 
simultaneously the photosensitive drums 1Y, 1M, 1C in 
directions shown by arrows 5Y, 5M, 5C. Each one of 
three optical boxes 6Y, 6M, 6C includes a laser (not 
shown) for generating a laser beam and polygonal mir 
ror (not shown) for causing the laser beam to scan the 
surface of an associated drum 1Y, 1M, 1C and produce 
respective raster lines 7Y, 7M, 7C. These raster lines are 
respectively used to expose the photosensitive drums 
1Y, 1M, 1C. 

Certain conventional devices used in the electro 
photography process, such as the “Carlson Process,” 
are installed about the photosensitive drums 1Y, 1M, 
1C. However illustration of these is omitted in FIG. 1 
for simplicity. 
An intermediate or middle transferring belt 8, which 

is installed under the photosensitive drums 1Y, 1M, 10, 
is supported by and around rollers 9 and 10 and moves 
in the direction shown by an arrow 11 in synchroniza~ 
tion with a rotation of the drums 1Y, 1M, 1C in the 
directions shown by arrows SY, 5M, 5C. 
The three images formed by on the respective photo 

sensitive drums using the “Carlson Process,” are se 
quentially and temporarily transferred onto the interme 
diate transferring belt 8 using a corona transfer method 
or a pressure transfer method. Then the images on the 
intermediate transferring belt 8 are re-transferred onto a 
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4 
printing paper 12 at a contact position between the 
roller 10 and a transferring roller 13, so that the three 
images Y, M, C register with one another to obtain a 
color image. 
A pair of line- or area-imaging devices 14 and 15, 

constituting detecting means, comprising CCDs 
(Charge Coupled Devices) or MOS (Metal Oxide Sili 
con) devices, detect registration marks 16a, 16b, 160, 
17a, 17b, 170 on the moving belt 8 through lenses 18 and 
19. The belt 8 is made so that registration marking areas 
80, 8b, which are transparent, are produced at both sides 
of the belt 8, and a middle image-transferring area 80 is 
made of non-transparent silicone rubber. 

If the middle image-transferring area is made of poly 
imide, the registration marking areas might be of the 
same material as the middle image-transferring area 
because polyimide may be transparent. 
The registration marks 16c and 170 made by using the 

cyan drum 1C, are cross-shaped cyan marks. Those 16a 
and 170 made by using the yellow drum 1Y are cross 
shaped yellow marks. Those 16b and 1717 made by using 
the magenta drum 2M are cross-shaped magenta marks. 
These marks and actual color images are made simulta 
neously. 
A pair of lamps 14a and 15a are provided, as lighting 

means, respectively at the detecting points of the imag 
ing devices 14 and 15. The lamps 14a and 150 light the 
registration marks from below. Therefore, the imaging 
devices 14 and 15 discriminate the registration marks 
not by their color but as shaded areas. Then the optical 
boxes 6Y, 6M, 6C are adjusted in accordance with the 
detected timing of the imaging devices 14 and 15. 
The optical boxes 6Y, 6M, 6C respectively have a 

plurality of adjusting motors, including optical length 
adjusting motors 20Y, 20M, 20C and an optical box 
rotating motors 22Y, 22M, 22C. Each optical length 
adjusting motor 20 varies a length 21C between the 
laser (not shown) or the polygonal mirror (not shown) 
in the box and the associated photosensitive drum 1. 
Each optical box rotating motor 22Y, 22M, 22C turns 
the associated box 6 on the axis of the optical length 
adjusting motor 20Y, 20M, 20C. Therefore, when the 
rotating motor 22 rotates, the direction of the raster line 
rotates in the direction of an arrow Z. 
A pair of cleaning blades 19A and 19B is provided for 

removing and wiping out the registration marks which 
have already been detected by the imaging devices 16 
and 15. These blades are installed at the left end of the 
belt 8 confronting the registration marking areas 8a and 
8b. 

Thus, in this ?rst embodiment of the present inven~ 
tion, the registration marks are detected by the imaging 
devices, the outputs of which are used for correcting 
registration. The registration marks are then removed 
or eliminated by the cleaning blades 19A, 19B. 
The registration marking areas 8a and 8b are always 

cleaned before the new registration marks and new 
images are formed. Further, the transferring roller 13 is 
also always kept clean, because the registration marks 
are eliminated before the marks reach the roller 17. 
FIG. 2 shows a part of circuit for generating a hori 

zontal syncronizing signal and vertical syncronizing 
signal for each color apparatus of the ?rst embodiment 
of the present invention. The generating circuit has a 
?ne adjustment circuit FACY, FACM, FACC for each 
color, namely, yellow (Y), magenta (M) and cyan (C). 
Each ?ne adjustment circuit has a plurality input termi 
nals. Input signals input to these input terminals are 
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generated by a conventional sequence controller for a 
laser beam printer as shown, for example, in the Japa 
nese Laid Operi Patent Nos. 59-163971 and 59-226559. 
One of the input signals for each color is a vertical 

timing signal TOP(Y), TOP(M), TOP(C), which is not 
adjusted and which represents a starting time of forma 
tion of the total image in the vertical direction parallel 
to the moving direction of the transferring belt 8. 
Another of the input signals is a horizontal timing 

signal BD(Y), BD(M), BD(C) which is not adjusted and 
which represents a starting time of formation of the 
master image in the horizontal direction perpendicular 
to the moving direction of the transferring belt 8. 

Further, in accordance with the detection output of 
the imaging devices 14 and 15, amounts of delay of the 
vertical timing signals TOP(Y), TOP(M), TOP(C) in 
the vertical direction are provided respectively as sig 
nals DELAY(YV), DELAY(MV), DELAY(CV). The 
amounts represented by the signals DELAY(YV), DE 
LAY(MV) and DELAY(CV) are respectively stored in 
margin registers MR(YV), MR(MV) and MR(CV). 
Similarly amounts of delay of the horizontal timing 
signals BD(Y), BD(M), BD(C) in the horizontal direc 
tion are provided respectively as signals DELAY(Y H), 
DELAY(MH), DELAY(CH), in accordance with the 
detection output. The amounts represented by the sig 
nals DELAY(YH), DELAY(MH) and DELAY(CH) 
are respectively stored in margin registers MR(YH), 
MR(MH) and MR(CI-I). 
For example, a program counter PC(YV) starts to 

count the signal BD(Y) after the signal TOP(Y) is gen 
erated and then when the counted value in the counter 
PC(YV) reaches the value of the signal DELAY(YV) 
in the margin register MR(YV), the vertical synchro 
nizing signal V-SYNC-Yis generated. In the same way, 
signals V-SYNC-M and V-SYNOC are generated. On 
the other hand, a program counter PC(YH) starts to 
count-a CLO§K signal after the signal BD(Y) is gener 
ated. When the counted value in the counter PC(YH) 
reaches the value of the DELAY(YI-I) signal in the_ 
margin register MR(Y H), the horizontal synchronizing 
signal H-SYNC-Y is generated. In the same way, signals 
H-SYNC-M and H-SYNC-C are also generated. There 
fore, those images are superimposed on the same posi 
tion of the printing paper 12. 
FIG. 3 is provided for showing an adjusting method 

for adjusting the one optical box 6. All optical boxes 
have the same structure and functions. As shown in 
FIG. 3 each motor 20 is mounted on a bracket which is 
a part of a main apparatus frame. A collar 24a is secured 
in holes 25 and 26 at one side of the box 6. A stop 24b is 
?xed at the lower end of the collar 24a, and the stop 24b 
supports the box from the lower side. In the middle of 
the collar 240, a rotation stop 24c is ?xed. This stop 24c 
is received in a hole of the bracket 23, so that the collar 
24a is prohibited from rotating. ‘ 
The optical length adjusting motor 20 is a pulse mo 

tor, and has a shaft 20b which is turned as a male screw. 
The collar 24a is tapped as a female screw, so that the 
shaft 20b is threaded into the collar 24a. Assuming these 
screws are right-hand screws, when the shaft 20b is 
rotated in the direction shown by an arrow 28, the box 
6 rises. On the other hand, where the shaft 20b is rotated 
in the direction opposite shown by an arrow 28, the box 
6 goes down. As the result, the optical path length 21 
may be adjusted. 
The optical box rotating motor 22 is also a pulse 

motor and is ?xed on a stay 30. A coil spring 31 in 
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6 
tension is coupled between the stay 30 and the optical 
box 6. A rotor 22a of the motor 22 is tapped as a female 
screw. A rod 22b is turned as a male screw and is re 
ceived in the rotor 22a. Therefore, if the rotor 22a of the 
motor 22 rotates, the rod 22b moves forward and back 
ward. The end of the rod 22b is ?xed to the box 6, so as 
not to rotate relative to the box 6. Therefore, the raster 
line 7 can be inclined to the axis of the drum 1 by opera 
tion of the motor 22. 
An explanation of how to correct for misregistration 

about the yellow image follows. Misrepresentations 
with respect to the magenta and cyan images are cor 
rected in substantially the same way as with respect to 
the yellow image. 
FIG. 4 through FIG. 7 are top views of the belt 8 in 

FIG. 1, and particularly illustrate the imaging points 
14b and 15b of the imaging devices 14 and 15. 
As shown in FIG. 4, the yellow image 33 is formed 

on the transferring belt 8 by using the electrophoto 
graphic method. The registration marks 16a and 170 are 
formed in the registration mark areas 80 and 8b outside 
of the middle transferred-image area 8c, also by using 
the electrophotographic method. The belt 8 moves in 
the direction shown by an arrow 11. 
The imaging devices 14 and 15 image the registration 

marks 16a and 17a at the time when the marks should 
pass the ?xed imaging points 14b and 15b, in response to 
a signal from the sequence controller. 

In the case shown in FIG. 4, the imaging devices 14 
and 15 do not detect the registration marks 16a and 17a 
at the time these marks should be detected due to a 
misregistration. Namely the marks 16a and 17a are re 
corded at a vertical delay. An amount 36 corresponding 
to the delay is detected, and the value DELAY(YV) is 
deduced in response to the amount 36. As a result, the 
phase of the signal V-SYNC-Y is determined, and the 
vertical misregistration can be compensated. 
As shown in FIG. 5, the image 33 is shifted horizon 

tally, in this case by an amount 37 between the imaging 
point 14b and the mark 160, which is detected by the 
imaging device 14. Then the value DELAY(YI-I) is 
deduced in response to the amount 37. As a result, the 
phase of the signal H-SYNC-Y is determined, and the 
horizontal misregistration can be compensated. 
As shown in FIG. 6, the axis 23b of the drum 1Y is 

not coincident with but is inclined with respect to the 
optical raster 7Y. In this case, the imaging devices 14 
and 15 detect the inclined angle 0 between the line 
connecting the marks 16a and 17a and the line connect 
ing the imaging points 14b and 15b. Then the raster 7Y 
is inclined in the direction shown by an arrow A by 0 
degree. In FIG. 3, if the rod 22b is driven backward by 
the rotation of the pulse motor 22, the axis 23b of the 
drum 1Y and the optical raster 7Y may be made coinci 
dent. 
FIG. 7 shows a state in which an optical magnitude of 

the image is not correct. Referring to FIG. 3, the imag 
ing devices 14 and 15 detect lengths 38 and 39 and 
detect a ?rst ratio of a length of the line 40 to that of the 
line 41, which is the appropriate distance between the 
marks 16a and 17a. The line 40 connects the marks 16a 
and 16b, and the line 41 connects between the imaging 
points 14b and 15b. Then a triangle, which resembles 
the triangle in FIG. 3, having the same second ratio of 
the height (optical path length 21) to the base length 
(the raster length 29), is derived, and a vertical shifting 
amount of the box 6 is calculated using the ?rst and 
second ratios. As a result, the error in the magnitude of 










